INTRODUCTION
============

Histological grading, determined by marked nuclear atypia, tumor necrosis and vascular invasion, is a significant and independent parameter predicting papillary thyroid carcinoma (PTC) mortality, as demonstrated in multivariate analyses ([@B1], [@B2]). Although it is controversial whether the histological subtype or variant is an independent predictor of an adverse outcome ([@B1]), some histological variants appear to be of prognostic significance. The tall cell variant (TCV), columnar cell, diffuse sclerosing, and solid variants show regional LN metastasis, frequent local recurrence, and even distant metastasis ([@B1], [@B3]-[@B5]). LiVolsi argued that the portion showing \"tall cell\" histologic feature should be mentioned in pathologic reports because of its clinical significance, irrespective of the percentage of this histology ([@B4]).

Recently, novel immunohistochemical markers have been studied for the prediction of aggressive PTC behavior. Increased expression of vascular endothelial growth factor (VEGF), S100A4 and β-catenin are helpful markers of regional and distant metastasis ([@B6]-[@B8]), and increased expression of epidermal growth factor receptor (EGFR) and c-erbB2 plays a role in tumor recurrence and the progression of well-differentiated thyroid carciRecently, novel immunohistochemical markers have been studied for the prediction of aggressive PTC behavior. Increased expression of vascular endothelial growth factor (VEGF), S100A4 and β-catenin are helpful markers of regional and distant metastasis ([@B6]-[@B8]), and increased expression of epidermal growth factor receptor (EGFR) and c-erbB2 plays a role in tumor recurrence and the progression of well-differentiated thyroid carcinoma to undifferentiated carcinoma ([@B9]-[@B11]).

The phosphatase and tensin homolog (PTEN) tumor suppressor inhibits the phosphatidylinositol-3-kinase (PI3K)/AKT pathway, which is frequently activated in various types of cancer, including thyroid carcinoma ([@B12]). PTEN silencing through promoter methylation and PTEN mutations have also been found in sporadic PTCs ([@B13], [@B14]), indicating that PI3K/AKT pathway-mediated signaling may play a role in PTC tumorigenesis.

The immunoexpression of these markers based on histological variant has not been evaluated in a relatively larger number of cases. In this study, we selected histological variants of PTC in Korean patients and investigated the immunoexpression of markers known to be related to clinical outcome, with the diagnostic markers of galectin-3, HBME1 and CK19 and BRAF mutation analysis. The potential of these markers as indicators of aggressive clinical behavior is also evaluated.

MATERIALS AND METHODS
=====================

Patients
--------

Eight hundred and seventy-five patients who underwent total thyroidectomy and had been diagnosed with PTC in 2009 at Seoul National University Hospital were reviewed. Among them, we selected 407 patients who have single PTC and underwent lymph node (LN) dissection that harbor more than 2 lymph nodes. Clinical and histological parameters are summarized in [Table 1](#T1){ref-type="table"}. The mean follow-up period was 33.1 months.

Evaluation of histological variants
-----------------------------------

Pathologic information was obtained from sections stained with hematoxylin and eosin (H&E). Histological subgroups of the follicular variant (FV), TCV, solid variant, clear cell variant, oncocytic variant, Warthin-like variant, cribriform-morular variant, and diffuse sclerosing variant were defined as described in the 2004 World Health Organization (WHO) classification. In particular, the diagnostic criteria for TCV were as follows: the height of the tall cell was at least three times its width and contained the nuclear features characteristic of PTC, a low nuclear cytoplasmic ratio and an eosinophilic granular cytoplasm, and the proportion of the tall cell was \> 75%. All histological variants were diagnosed when the specific components represented \> 75% of the tumor area, except for the follicular variant, which was defined when the follicular growth was exclusive. All cases were independently reviewed and confirmed by two endocrine pathologists.

Immunohistochemistry and interpretation
---------------------------------------

First, all slides were screened and tissue microarray blocks were then produced for immunohistochemistry (IHC) (Superbiochips, Seoul, Korea). Thirty-eight cases of classic PTC, 33 of FVPTC and 23 of TCVPTC were included (total = 94 cases). The specimens were processed with a DAKO-Envision detection kit (DakoCytomation, Carpinteria, CA, USA). The following antibodies were used: galectin-3 (9C4; 1:100; Novocastra, Newcastle, UK), HBME1 (1:50; DakoCytomation), CK19 (RCK108; 1:500; DakoCytomation), PTEN (6H2.1; 1:100; DakoCytomation), β-catenin (CAT-5H10; 1:150; Zymed, San Francisco, CA, USA), EGFR (31G7; 1:100; Invitrogen, Camarillo, CA, USA), c-erbB2 (CBII; 1:200; Novocastra), S100A4 (1:500, DakoCytomation), and VEGF(1: 500, Santa Cruz Biotechnology, Santa Cruz, CA, USA).

Galectin-3, HBME1, and CK19 expression were measured by H-score (intensity \[0, 1, 2, or 3\] multiplied by the distribution \[%\]). S100A4 expression was divided into 3 groups according to the positive distribution of the tumor area; 0, 0%; 1, 1-50%; and 2, \> 50%. EGRF and c-erbB2 were scored as positive only on observation of membranous staining in ≥ 10% of the tumor cells, as previously described ([@B9]); 0, no membrane staining or \< 10% of the tumor cells stained; 1+, incomplete membrane staining in ≥ 10% of the tumor cells; 2+ and 3+, complete membrane staining with moderate and strong intensity in ≥ 10% of the tumor cells, respectively. Lung and breast cancer tissues demonstrated as EGFR (3+) and c-erbB2 (3+), respectively, were routinely included as positive control. VEGF and PTEN immunoexpression was classified according to the staining intensity; 0, no staining; 1, weak; and 2, strong. β-catenin expression (score = 1) was classified into nuclear positivity and cytoplasmic and/or cytoplasmic membrane positivity.

Detection of the BRAF mutation
------------------------------

Among 407 cases, BRAF mutation analysis was done in 255 cases. Slides stained with H&E were reviewed and the representative tumor areas were marked as guides. Genomic DNA was extracted in the marked area and amplified for direct sequencing of the *BRAF* exon 15 (ABI 3730xl sequencer, Applied Biosystems, Foster City, CA, USA) using the following set of primers: forward, 5\'-GCTTGCTCTGATAGGAAAATGAG-3\'; reverse, 5\'-GATACTCAGCAGCATCTCAGG-3\', as described previously ([@B8]).

Statistical analysis
--------------------

Statistical analysis was performed with the SPSS software (version 19.0, SPSS, Chicago, IL, USA). The chi-square or Fisher\'s exact test was used when comparing frequencies between groups. All numerical data are expressed as the means ± standard deviations (SD), and differences between the means were compared using an unpaired t-test and an analysis of variance (ANOVA). All significant factors by univariate analyses were subjected to multivariate analysis using the Cox proportional regression model. Probability values \< 0.05 were considered to indicate statistical significance.

Ethics statement
----------------

Studies were performed with approval from the institutional review board, Seoul National University Hospital (H-1011-006-337). Informed consent was waived.

RESULTS
=======

Clinicopathologic features
--------------------------

In the 407 cases ([Table 1](#T1){ref-type="table"}), the female: male ratio was 5.5: 1 with a mean age of 47.6 yr (range: 19-81 yr). Sixty-five percent (266/407) of cases had microcarcinoma, of which the tumor size was ≤ 1 cm, and 40.3% (164/407) of the tumors showed extra-thyroidal extension. Cervical LN metastasis was found in 58.7% (239/407) of cases, whereas background Hashimoto thyroiditis was present in 39% (159/407). Local recurrence was reported in 3/408 cases (0.7%); one of which was FV while the other two were of the classic type. Distant metastasis was found in 2/408 cases (0.4%) (one classic type and one TCV).

Histologically, the classic type represented 76.9% (312/407), FV represented 14.2% (58/407), and the proportion of TCV was 5.6% (23/407), among which the proportions of FV and TCV were slightly higher than those of Japanese patients ([@B15]). In addition, the Warthin-like variant and oncocytic variant represented 2.2% (9/407) and 0.9% (4/407) of patients, respectively. Other variants, including columnar cell, diffuse sclerosing, clear, solid, and cribriform-morular variant were not observed.

FV was frequently detected in patients \> 45 yr of age, and in contrast, TCV was found in patients with age ≤ 45 yr (*P* = 0.008, [Table 2](#T2){ref-type="table"}). FV showed a striking female predominance compared to the other variants (*P* = 0.049). The tumor size of FV was smaller than the classic type, whereas the tumor size of TCV was significantly larger than the classic type (*P* = 0.009). TCV showed more frequent extrathyroidal extension (*P* = 0.022) and cervical LN metastasis (*P* = 0.018), particularly more than the FV.

According to multivariate analysis, tumor size ( \> 1 cm) was closely related with extrathyroidal extension and cervical LN metastasis (*P* \< 0.001 and \< 0.001, respectively), and cervical LN metastasis frequently occurred in patients \> 45 yr old (*P* \< 0.001). As in the univariate analysis, FV occurred more frequently in patients \> 45 yr old (*P* = 0.009). However, TCV itself failed to show any independent association with clinicopathologic factors including extrathyroidal extension and cervical LN metastasis.

Expression of immunohistochemical markers
-----------------------------------------

Among 407 cases, 38 of classic PTC, 33 of FVPTC and 23 of TCVPTC were selected and subjected to IHC study (total = 94 cases). Overall, galectin-3, HBME1 and CK19 were expressed in all cases, except for four cases of FVPTC. The proportions of cases with an H-score ≥ 100 were 55.9, 50.5 and 26.9% for galectin-3, HBME1, and CK19, respectively ([Fig. 1](#F1){ref-type="fig"}). The VEGF expression rate was 68.5% (score ≥ 1, 61/89), whereas the expression rates of PTEN, S100A4, c-erbB2, and EGFR were 47.3% (score ≥ 1, 44/93), 82.7% (score ≥ 1, 77/93), 51.1% (score ≥ 1, 46/90), and 6.6% (score ≥ 1, 6/90), respectively ([Fig. 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}). β-catenin was detected in the cytoplasm of most cases (96.8%, 90/93); however, nuclear localization was not observed. Among these, the membranous positive pattern was observed in 47.3% of cases and the cytoplasmic dot-like positive pattern in 49.5% of cases ([Fig. 2](#F2){ref-type="fig"}).

Galectin-3 expression by H-score was decreased in both FV and TCV, which was more significant in TCV (*P* = 0.003, [Fig. 1](#F1){ref-type="fig"}, [Table 3](#T3){ref-type="table"}). HBME1 showed a similar tendency, but not to statistically significant degree (*P* = 0.114). CK19 expression was markedly decreased in FV only (*P* \< 0.001, [Table 3](#T3){ref-type="table"}). TCV showed frequent PTEN loss (score = 0), diffuse S100A4 expression (score = 2) and VEGF expression (score ≥ 1); however, PTEN loss and S100A4 expression were not statistically different (*P* = 0.168 and 0.059, respectively) when comparing the classic, FV and TCV. Nevertheless, when comparing TCV and non-TCV groups, S100A4 (score = 2) and VEGF (score ≥ 1) expression was dominant in the TCV group (*P* = 0.04 and 0.002, respectively).

EGFR was nearly negative in both the FV and TCV groups, but the overall positive rate (score ≥ 1), including the classic type, was low (6.6%). C-erbB2 expression was also generally weak (score = 1) in all PTC cases, exhibited a decreasing tendency in FV and TCV (*P* = 0.118). Characteristically, the cytoplasmic dot-like β-catenin positive pattern was observed more frequently in TCV than other histological subtypes (*P* = 0.015, [Fig. 2](#F2){ref-type="fig"}).

Some markers showed an association with clinicopathologic factors regardless of histological variant. Cases with PTEN loss (score = 0) and diffuse S100A4 expression (score = 2) showed frequent regional LN metastasis (*P* = 0.007 and 0.013, respectively; [Table 4](#T4){ref-type="table"}). Moreover, cases with PTEN loss showed more extrathyroidal extension (*P* = 0.013) and a larger tumor size ( \> 1 cm, *P* = 0.06). Based on multivariate analysis, PTEN loss was associated with LN metastasis (*P* = 0.02) and extrathyroidal extension (*P* = 0.029).

BRAF mutation study
-------------------

The BRAF (V600E) mutation was detected in 70.2% (179/255) of patients, while other types of BRAF alterations were not found ([Table 1](#T1){ref-type="table"}). Cases with the BRAF mutation frequently showed extrathyroidal extension (*P* = 0.003), but not LN metastasis or a large tumor size (*P* \> 0.05). Histological variants were statistically related with the BRAF mutation (*P* \< 0.001, [Table 2](#T2){ref-type="table"}); specifically, FV showed a lower frequency of the BRAF mutation (47.6%) whereas TCV showed a higher frequency of the BRAF mutation. In particular, encapsulated FVPTC showed a lower BRAF mutation rate (28.5%, 2/7) whereas all TCV cases contained the BRAF mutation (100%, 23/23). According to multivariate analysis, the BRAF mutation status was associated with extrathyroidal extension (*P* = 0.010) and histological variants (*P* = 0.043). Additionally, tumors with Hashimoto thyroiditis in the background had a lower frequency of the BRAF mutation (57.1% vs 85.3%, *P* \< 0.001). None of three cases of the Warthin-like variant that were subjected to direct sequencing harbored the BRAF mutation, which supports the inverse relationship between the BRAF V600E mutation and the presence of Hashomoto thyroiditis.

DISCUSSION
==========

Of the histological PTC variants, TCV is a relatively common subtype that shows aggressive behavior ([@B4]). In our series of PTC, TCV showed a larger tumor size, frequent LN metastasis, extrathyroidal extension, and a higher BRAF mutation rate. TCV was detected frequently in younger patients ( ≤ 45 years old) compared to FV, likely due to its rapid growth. However, TCV failed to be an independent factor indicating an adverse pathologic parameter.

TCV showed characteristic immunoexpression of several markers. S100A4 (score = 2) and VEGF (score ≥ 1) were significantly overexpressed while PTEN was frequently lost in TCV ([Table 3](#T3){ref-type="table"}), which reflected the adverse prognosis of TCV. S100A4 was shown to be expressed in most of PTCs ([@B16]), however, high levels of S100A4 (positive area \> 50%) has been reported as an indicator of LN metastasis ([@B7], [@B8]). VEGF expression has been associated with older age, tumor recurrence and LN metastasis in PTC ([@B6], [@B17]).

Although galectin-3, HBME1, and CK19 are regarded as the diagnostic markers of PTC ([@B18]), FV and TCV showed a unique galectin-3, HBME1, and CK19 expression pattern. The expression of these three markers in FV is known to be reduced ([@B19], [@B20]), which was evident in our data ([Table 3](#T3){ref-type="table"}). However, in TCV, the staining intensity of galectin-3 was generally weak and the distribution of HBME1 expression was occasional that the overall H-score was lower in TCV than in FV. One unique finding was the β-catenin expression pattern in TCV, which showed paranuclear dot-like positivity. PTC was reported to express β-catenin in the cytoplasm or membrane, except in the cribriform-morular variant in which β-catenin is localized in nucleus ([@B21]). Whereas the classic type and FV showed membranous or diffuse cytoplasmic positivity, TCV accumulated β-catenin predominantly in the paranuclear cytoplasm.

The prognostic value of immunohistochemical markers in PTC remains unclear. Loss of p27 and cyclin D1 overexpression has been suggested as independent predictors of regional LN metastasis ([@B22]); however, most immunohistochemical markers should be more verified as indicators of a poor clinical outcome. The expression of EGFR, c-erbB2 was nearly absent or weak (1+), and the VEGF expression was not strong in most cases (score = 1). The low expression of EGFR in PTCs was discrepant with the previous result ([@B23]), however, it is probably due to that the present data included only the membranous expression, excluding the cytoplasmic positivity. Likewise, the discrepancy with the previous data that showed the prognostic significance of c-erbB-2 ([@B11]) might be due to the small number of cases of the previous study (n = 32) and the subgroup analysis that divided to incomplete (1+) and complete (2+ or 3+) membranous expression of c-erbB2, which might limit the statistical significance in the present study.

Regarding PTEN immunoexpression, it was reported to be heterogenous and often puzzling to interpret ([@B24]). In the present study, PTEN was differentially expressed in the PTC cases, and the loss of expression was observed in both nucleus and cytoplasm compared to endothelial cells as internal positive controls ([Fig. 3C](#F3){ref-type="fig"}). PTEN loss (score = 0) was independently associated with frequent LN metastasis (*P* = 0.02) and extrathyroidal extension (*P* = 0.029) in multivariate analysis. PTEN is a well-known negative regulator of the PI3K/AKT pathway, and alterations in its expression are commonly found in various tumors ([@B25]). Recently, evidences suggested that the PI3K/Akt pathway is also altered in PTC ([@B13]-[@B14]). In particular, the *PTEN* promoter was hypermethylated in 45.7% of PTC cases, which was significantly associated with *PTEN* loss in immunohistochemical studies (*P* = 0.001) ([@B13]). In the current study, PTEN loss was observed in 52.6% (49/93) of PTC cases, not only in FV but also in the classic type and TCV. Future studies should investigate the association between PTEN loss with promoter hypermethylation or mutation in these cases.

The overall BRAF V600E mutation rate was 70.4% and 100% in TCV, which is within the reported range for the Korean population ([@B26]). Considering the similar proportion of TCV (5.6%) with that of the Western population ([@B5]), this suggests that the higher BRAF mutation rate in the Korean population is not due to a higher frequency of TCV. However, BRAF V600E mutation failed to be associated LN metastasis, but it was associated with extrathyroidal extension and histological variants in multivariate analyses. On the other hand, the lower BRAF mutation rate in PTC cases with concurrent Hashimoto thyroiditis than in those without Hashimoto thyroiditis is consistent with previous reports ([@B27]). Although the association with tumorigenesis remains unclear, non-neoplastic follicular cells in Hashimoto thyroiditis harbor RET/PTC recombination ([@B28]). These results suggest RET/PTC recombination to be related to the development of PTC with concurrent Hashimoto thyroiditis rather than the BRAF mutation, since RET/PTC recombination and the BRAF mutation in PTC are mutually exclusive ([@B29]).

In summary, both TCV and FV showed the reduced immunoexpression of galectin-3 and HBME1. Regardless of histological subtype, PTEN loss and S100A4 may serve as indicators of an adverse outcome in PTC. An extended follow-up period may be required for further verification of these markers as prognostic predictors.
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![Immunohistochemical expression of galectin-3, HBME1, and CK19 in three PTC histological variants. Galectin-3 and HBME1 expression was relatively decreased in both FV and TCV (upper and middle row, ×400), while CK19 expression was decreased only in FV (lower row, ×400). FV, follicular variant; TCV, tall cell variant.](jkms-28-534-g001){#F1}

![VEGF, EGFR, c-erbB2, and β-catenin expression in three PTC histological variants. VEGF expression was frequently increased in TCV (score ≥ 1, *P* = 0.012, first row, ×400) while no EGFR expression was detected in most FV and TCV cases (*P* = 0.002, second row, ×400). TCV showed reduced c-erbB2 positivity (score = 0, third row, ×400) and the characteristic paranuclear dot-like β-catenin positivity (fourth rows). FV, follicular variant; TCV, tall cell variant.](jkms-28-534-g002){#F2}

![PTEN and S100A4 expression in PTC. PTEN expression was detected mainly in the cytoplasm of tumor cells (**A**, score = 2; **B**, score = 1, ×400) compared to the case with PTEN loss (**C**, score = 0). S1004 was expressed in both the nucleus and cytoplasm (**D**, score = 2; **E**, score = 1; **F**, score = 0, ×400).](jkms-28-534-g003){#F3}
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Clinicopathologic characteristics of histological variant
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^\*^Encapsulated follicular variant papillary carcinoma. FV, follicular variant papillary carcinoma; TCV, tall cell variant papillary carcinoma; LN, lymph node.
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Immunoexpression of histological variant
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^\*^Mean ± SD; ^†^Cytoplasmic dot-like positive pattern. FV, follicular variant papillary carcinoma; TCV, tall cell variant papillary carcinoma.
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Clinicopathologic factors associated with PTEN and S1004 expression
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LMN, lymph node metastasis; ETE, extrathyroidal extension.
